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A.  Introduction 

Since  1938  several  different  methods  of  obtaining  deep  ocean 
seismic  records  have  been  used  (Ewing  and  Vine,  1938).  This  report 
deals  with  an  acoustic  telemetering  ocean  bottom  seismograph  program 
which  was  begun  in  195>9  at  Lamont. 

Measurements  of  seismic  background  noise  on  the  deep  ocean  floor 
are  nearly  non-existant.  The  data  from  microseisms  on  the  ocean 
floor  can  shed  new  light  on  the  generation  and  propagation  of 
microseisms.  The  effect  of  the  continental  margin  on  earthquake 
surface  waves  can  be  studied.  A  more  complete  understanding  of 
average  ocean  crustal  structure  can  be  obtained  from  shocks  propagated 
along  pure  ocean  paths  (Ewing  and  Press,  195>2).  Marine  refraction 
profiles  of  much  greater  range  and  detail  can  be  obtained.  Finally, 
unusual  seismic  waves,  such  as  the  theoretically  predicted  but  hitherto 
unobserved  Stonely  waves,  might  be  detected. 

B.  GENERAL  DESCRIPTION 

The  system  consists  of  a  seismograph  on  the  ocean  bottom,  whose 
amplified  signal  controls  an  F.  M.  acoustic  carrier  of  12  kc  (Fig.  1). 

The  receiver,  aboard  ship  at  the  surface,  uses  a  standard  AN/UQN-1 
echo  sounding  transducer  to  pick  up  the  frequency  modulated  carrier.  The 
received  signal  is  amplified  and  recorded  on  magnetic  tape  for  data 
reduction  at  a  shore  station.  The  signal  is  also  demodulated  and 
continuously  monitored  on  a  strip  chart  recorder. 
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C*  BOTTOM  UNIT  DESCRIPTION 

!♦  MK-1 

The  MK-1  unit  built  in  1959  used  a  standard  2-cycle  vertical 
geophone  with  an  intrinsic  sensitivity  of  5-volt/in/sec,  and  an 
output  resistance  of  4,000  ohms* 

The  transistorized  amplifier  sensitivity  was  6  db  down  at 
1*5  cycles/second* 

The  amplified  seismic  signal  controls  a  variable  inductor,  the 
frequency-determining  element  in  an  F.M.  oscillator.  The  F.M* 
oscillator  signal  is  amplified  to  drive  an  acoustic  transducer  at  a 
power  level  of  1  watt.  The  MK-1  unit  was  powered  by  an  array  of  dry 
cells  potted  in  roofing  tar* 

An  83  km  seismic  refraction  profile  was  obtained  with  this  unit 
(Ewing  and  Ewing,  1961).  The  low  signal  to  noise  ratio  of  the 
acoustic  link  interfered  with  the  receiver  demodulation  to  recover 
the  seismic  signal  on  shipboard. 

Because  of  the  low  acoustic  power,  difficulty  was  experienced 
in  keeping  the  listening  ship  over  the  bottom  unit*  Also,  the  low 
sensitivity  of  the  geophone,  amplifier  and  receiver  did  not  allow 
recording  of  rnicroseism  background* 

2*  MK-2 

* 

The  MK-2  utilized  a  specially  constructed  seismometer  with  an 
intrinsic  sensitivity  of  45  volt/in/sec,  internal  coil  resistance 
of  200,000  ohms  and  a  2-c.p.e.  natural  frequency*  To  match  this 
impedance  and  obtain  a  low  amplifier  noise  level,  electron  tubes 
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were  used  to  amplify  the  seismic  signal*  The  pre-amp  gain  was  100, 
down  6  db  at  *1  and  1*4  second  period*  A  12  kc  rejection  filter  was 
included  in  the  pre-amp  to  eliminate  any  feedback  from  the  transmitter 
output  to  the  seismometer* 

A  2  kc  sharply  tuned  amplifier  and  envelope  detector  was  included 

in  the  pre-amp  to  allow  "pings"  at  this  frequency  to  be  sent  from  the 
■> 

listening  ship,  causing  a  carrier  frequency  shift  at  the  bottom  unit* 
Elapsed  time  from  "ping”  to  reception  of  the  carrier  shift  back  at 
the  receiving  ship  gave  a  means  of  obtaining  the  slant  range  to  the 
bottom  unit* 

The  12  kc  transducer  used  on  the  bottom  unit  had  a  mechanical  Q 
of  about  ?♦  permitting  frequency  deviation  of  -  1  kc  while  still 

providing  adequate  power  output* 

The  amplifier  and  variable  inductor  gave  an  F.M.  shift  of  0*23 
cps/raicrovolt  input  to  the  amplifier*  The  maximum  permissible  signal 
to  remain  within  the  1  kc  deviation  limit  is  therefore  4  millivolts* 
For  the  MK-2  the  minimum  discernible  signal  was  0*3  microvolt*  The 
limits  of  the  minimum  discernible  signal  and  the  maximum  permissible 
provided  a  dynamic  range  in  excess  of  80  db* 

One  disadvantage  of  the  variable  inductor  is  that  signals  with 

4 

very  fast  rise  times  cause  core  magnetization  which  may  take  several 
seconds  to  disappear.  This  magnetization  affects  the  inductance  in 
the  same  manner  as  an  input  signal  and  offsets  the  oscillator 
frequenoy* 


' 
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The  battery  pack  for  the  MK-2  contained  2  six-volt,  100  ampere-hour 
storage  batteries  in  series,  to  power  the  transmitter  output  stage;  an 
independent  12  volt,  60  ampere-hour  storage  battery  to  provide  filament 
power  for  the  tubes  and  power  for  the  transistor  circuits  other  than  the 
output  stage.  These  batteries  were  modified  (Fig.  8)  to  be  pressure 
compensated  and  waterproofed  so  that  they  could  operate  unprotected  at 
the  ambient  pressure  of  the  ocean  bottom. 

This  was  accomplished  by  fitting  the  electrolyte  fill  holes  with 
U-inch  lucite  plastic  tubes  and  potting  the  top  of  the  battery  with 
Scotch-cast  No.  212  Epoxy  resin  to  cover  and  waterproof  all  exposed 
terminals . 

Each  cell  was  then  filled  brimful  of  electrolyte,  and  a  flexible 
rubber  finger-cott,  full  of  distilled  water,  was  tied  over  the  end  of 
the  filling  tube.  This  flexible  reservoir  allowed  the  transmission  of 
hydrostatic  pressure  to  the  interior  of  the  battery  and  provided  for 
contraction  of  the  electrolyte  under  pressure. 

The  increased  power  from  this  pack  as  compared  to  that  of  the  MK-1 , 
plus  increased  efficiency  in  the  design  of  the  transmitter  output  circuit, 
resulted  in  a  much  more  secure  acoustic  link.  This,  plus  a  trainable 
receiving  transducer  (Fig.  9)*  simplified  the  task  of  keeping  the 
listening  ship  on  station. 

The  MK-2  was  dropped  about  15>0  miles  southwest  of  Bermuda  in 
September  of  I960.  Two  seismic  refraction  profiles  were  obtained,  one 
268  km  long,  the  other  $2  km.  During  this  time  an  earthquake  on  the 
Panama-Colombia  border  was  recorded  (Ewing  and  Ewing,  1961). 


■ 


I  I  I 


. 


■ 


■ 


- 


' 


-5- 


Microseiem  activity  was  very  clearly  recorded,  indicating  a  level 

on  the  order  of  that  shown  as  maximum  for  land  stations  (Brune  and 

» 

Oliver,  1959)* 

h-JBrl 

The  MK-3  resembled  the  MK-2  save  for  the  extension  of  the  low 
frequency  response  of  the  pre-amp,  the  gain  dropping  6  db  at  15  Bee 
period,  and  the  inclusion  of  a  calibration  bridge  (Wilmore,  1959) i  to 
simulate  a  standard  seismic  input  to  the  geophone*  A  multivibrator 
driving  a  relay  applied  a  rectangular  current  pulse  of  20  sec  duration 
to  the  bridge  every  15  minutes*  In  this  fashion  a  check  was  possible 
on  the  entire  system  as  responses  changed  due  to  weakening  batterieso 

Due  to  the  extended  low  frequency  response  of  the  pre-amp,  the 
minimum  discernible  signal  was  5  microvolts,  reducing  the  dynamic 
range  to  60  db* 

Figure  4  gives  the  F*M.  transmitter  response  curves  in  terms  of 
frequency  shift  for  a  unit  seismic  velocity  of  1  micron  per  second, 
for  both  the  MK-2  and  the  MK-3« 

The  MK-3  seismometer  was  modified  by  filling  with  silicone  oil 
to  provide  mechanical  damping  of  0*4  critical*  This  contributed  to 
improved  low  frequency  response* 

A  MK-3  was  dropped  in  the  Gulf  ^of  Mexico  in  January,  196lo  Two 
refraction  profiles  were  obtained,  one  of  230  km,  the  other  172  km 
in  length* 

Microseism  noise  at  this  time  was  close  to  the  maximum  for  land 
stations  (Brune  and  Oliver,  1959)* 


- 
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D*  MK-3  CIRCUIT 

1»  Puleer 

The  calibrate  signal  is  generated  by  a  free  running  asymmetric 
multivibrator,  Q-l,  Q-2,  with  an  on  time  of  20  secs,  off  time  of  15 
minutes*  The  multivibrator  drives  a  switching  circuit,  Q3,  Q4,  which 
operates  a  relay  K-l*  The  relay  applies  a  155  millivolt  pulse  to  the 
calibrate  bridge*  The  battery  B-l  is  a  miniature  mercury  cell,  rated 
to  last  more  than  a  year  in  this  application® 

2.  Calibrate  Bridge 

The  HS-10  seismometer  is  included  at  all  times  in  a  bridge  circuit 
(Fig.  2,  5)  R3»  R4,  R5»  and  R6  to  allow  system  calibration  (Wilmore, 
1959)  during  operation*  For  seismic  signals,  the  bridge  merely  acts 
as  a  high  resistance  shunt,  which  lowers  seismometer  sensitivity 
approximately  Before  the  unit  is  lowered,  the  bridge  is  balanced 

with  the  seismometer  clamped*  With  the  seismometer  unclamped,  as  in 
normal  operation,  the  calibrate  current  flowing  through  the  coil  causes 
it  to  move*  This  coil  motion  will  provide  a  constant  seismic  reference 
signal* 

3*  Pre-Amp 

Signal  is  fed  from  the  calibrate  bridge  to  the  grid  of  V-101-A 
(Fig.  6),  type  5751i  a  ruggedized,  high  gain  twin-triode.  A  12  kc 
twin-T  rejection  filter,  R-104,  R-i.05,  R-106,  C-104,  C-105,  C-106, 
prevents  12  kc  from  the  transmitting  transducer  from  feeding  back 
through  the  system*  The  seismic  signal  is  further  amplified  by  a 
second  stage  V-101B*  Independent  plate  supply  batteries,  B-101,  B-102, 
are  used  for  the  pre-amp  stages* 


. 
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The  signal  from  V-101B  passes  through  a  low  pass  filter  (R-lll, 
R-112,  C-110,  C-lll),  cutting  frequencies  above  150  cps.  This  filter 
passes  seismic  signals,  but  prevents  feedback  of  2  kc  ripple  from  the 
2  kc  envelope  detector  to  the  input  of  the  2  kc  amplifier* 

Any  2  kc  signals  for  ranging  purposes  are  selected  by  the  2  kc 
sharp^tuned  filter,  L-101,  L-102,  C-113,  C-114,  C-115i  and  amplified 
by  V-102A  a  second  5751  tube*  Output  from  this  stage  is  rectified  to 
reproduce  the  envelope  shape  of  the  2  kc  signal.  This  envelope  signal 
and  the  seismic  signal  are  fed  to  V-102B,  a  cathode  follower.  This 
stage  matches  the  control  circuit  of  VL-101,  a  variable  inductor*  The 
control  winding  resistance  is  440  ohms*  Its  inductance  of  7  henrys 
gives  an  upper  frequency  limit  of  10  cps* 

4.  FM  Oscillator 

VL-101  (Fig.  7) ,  the  variable  inductor,  provides  a  simple  method 
of  frequency  modulating  an  oscillator.  VL-101  and  C-201  form  the 
frequency  determining  circuit  of  a  cross-coupled  oscillator,  Q-201, 
Q-202,  with  a  center  frequency  of  12  kc. 

C-201  contains  both  ceramic  and  paper  capacitors  in  ratio  1:10 
to  reduce  carrier  drift  due  to  changing  temperature* 

A  Zener  diode,  CR-201,  is  employed  to  stabilize  the  collector 
supply  voltage  of  the  oscillator  and  to  reduce  carrier  drift  due  to 
weakening  supply  batteries* 


’ 


5.  Driver  Stage  (Fig,  7) 


Transformer  T-201  matches  the  output  impedance  of  the  oscillator 
to  the  input  impedance  of  a  push-pull  driver  stage,  Q-203,  Q-204. 

This  stage  provides  the  power  gain  necessary  to  drive  the  output  stage. 
The  driver  section  is  operated  class  C  for  good  efficiency*  C-204 
increases  efficiency  by  reducing  harmonics  of  the  carrier  frequency. 

6.'  Output  Stage 

T-202  is  a  U.T.C.  transformer  type  A-20.  The  connections  used 
are  not  mentioned  by  the  manufacturer!  but  give  an  impedance  ratio  of 
125  ohms  half  primary  to  1?  ohms  for  each  secondary  circuit* 

This  gives  proper  matching  from  the  driver  to  the  output  stage* 

The  output  transistors,  Q-2 05»  Q-206,  are  type  2N174,  mounted  on  the 
end  cap  of  the  pressure  vessel  to  provide  good  thermal  contact  with  the 
ocean  water,  which  at  average  depths  is  within  a  few  degrees  of  freezing 
The  output  stage  drives  a  magnetostrictive  transducer  mechanically 
resonant  at  12  kc,  with  a  mechanical  Q  of  about  7* 

A  separate  battery,  B-12,  is  provided  for  this  stage  alone.  The 
drain  from  this  battery,  2.5  amp  at  12  volts,  is  more  than  4  times  as 
great  as  that  from  the  other  12  volt  supply,  B-ll.  Frequency  variations 
in  the  carrier  cause  variations  in  the  supply  current,  due  to  the 
frequency  dependence  of  the  transducer  impedance.  This  current  fluc¬ 
tuation  causes  corresponding  supply  voltage  changes  which  would  cause 
instability  if  coupled  into  the  rest  of  the  circuits.  Thus  an 
independent  supply  is  necessary* 
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C-205  tunes  the  transducer.  The  output  stage  is  operated  class  C 
and  for  an  input  power  of  ^0  watts,  delivers  22  watts  of  electrical  power 
to  the  transducer* 

E.  DROP  METHODS 

1 .  MK-1 

Two  MK-1  units  were  built,  a  Mod-1  and  a  Mod-2o  The  electronics 
of  each  unit  were  the  same;  however,  the  methods  of  getting  the  units 
on  the  bottom  differed* 

The  MK-1,  Mod-1  (Fig*  14)  had  the  electronics  pressure  case  and 
the  battery  pack  housed  in  a  thin  wall  metal  cylinder.  A  three-foot 
metal  spike  was  affixed  to  the  bottom  of  the  unit*  This  spike*  dug 
into  the  sediment,  keeping  the  unit  upright*  The  geophone  was  in  a 
separate  pressure  case  which  had  a  cartwheel  base.  It  was  hung  on 
the  end  of  a  trigger  arm  and  when  the  geophone  reached  the  bottom,  it 
allowed  the  arm  to  raise,  releasing  the  battery  unit  from  the  lowering 
cable  and  giving  it  a  few  feet  of  free  fall  to  imbed  the  spike  firmly 
into  the  sediment* 

The  MK-1,  Mod-2  (Fig.  lf>)  had  the  electronics  and  battery  pack 
mounted  on  the  top  of  a  thirty-foot  steel  core  pipe  with  the  geophone 
in  a  pressure  case  on  the  bottom  of  the  pipe*  The  core  pipe  was 
attached  to  the  thousand-pound  core'  head  by  a  shear  pin.  When  the 
trigger  weight  reached  the  bottom,  it  allowed  the  trigger  arm  to  raise, 
releasing  the  unit  when  the  nose  was  fifteen  feet  above  the  bottom. 

The  resulting  velocity  imbedded  the  geophone  well  down  into  the 
sediments,  giving  good  seismic  coupling*  When  tension  was  put  on  the 


* 
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cable  i  the  weak  link  sheared,  leaving  the  seismograph  in  the  bottom, 
and  allowed  for  retrieval  of  the  core  head  and  trigger  mechanism. 

2.  MK-2 

This  unit  (Fig.  16)  was  designed  to  fall  freely  from  the  surface 

ship  to  the  ocean  bottom.  The  package  was  shaped  roughly  like  a 

rocket,  with  tail  fins  and  spin  tabs  to  assure  vertical  descent.  The 

nose  carried  a  6-ft-long,  2#-in.  diameter  pipe  which  penetrated  the 
•> 

bottom  sediment  and  maintained  the  unit  upright  after  it  came  to  a 
stop#  The  body  of  the  unit,  about  l8  inches  in  diameter  and  8  feet 
long,  housed  the  battery  pack  and  the  pressure  vessel  for  the  seismometer 
and  electronics.  The  12  kc  transducer  was  mounted  on  the  tail. 

3.  MK-3 

The  MK-3  was  designed  for  a  "soft"  landing  on  the  end  of  a  cable. 

It  could  be  recovered  if  it  did  not  function  properly  upon  reaching 
bottom.  After  a  successful  checkout,  the  cable  was  released  by  a 
messenger  and  trigger  mechanism.  The  seismometer  and  its  pressure 
case  were  gravity  leveled  for  tilts  up  to  30°  by  suspension  from  a 
universal  joint# 

F.  RECEIVER 

I#  Pre-Amp 

The  receiving  transducer  was  a  standard  Navy  AN/UQN-1B  echo 
sounding  type  in  a  trainable  mount.  (Fig.  9) 

The  12  kc  carrier  (Fig.  10)  was  fed  to  an  input  transformer 
T-301  and  then  to  two  stagger-tuned  pentode  amplifier  stages.  The 
bandwidth  was  broadened  by  lowering  circuit  Q  through  resistors  R-302 


' 
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and  R-305  across  Z-301  and  Z-302,  respectively.  This  broadened 
response  curve  is  shown  in  Figure  11.  The  B+  supply  for  each  stage 
is  decoupled  and  regulated. 

2.  Mixer 

The  amplified  12  kc  carrier  is  mixed  in  V-401  with  a  13  kc 
signal  to  obtain  a  1  kc  difference  frequency.  A  low  pass,  two 
section,  Pi  filter,  C-405,  L-401,  C-404,  L-402,  passes  only  the 
difference  frequency,  removing  components  of  the  carrier  and  13  kc 
signals. 

3*  I.F.  Amplifier 

V-402A  is  a  12  AT7  high  mu  triode  serving  three  functions: 

(l)  monitor  speaker  amplifier,  (2)  output  stage  to  the  frequency 
meter,  (3)  output  stage  to  the  tape  recorder, 

4.  F.K.  Discriminator 

This  is  a  commercial  frequency  meter,  made  by  Hewlett  Packard, 
which  reoovers  the  seismic  signal  from  the  frequency  moedulated  I.F. 
signal  by  feeding  its  "pulse”  output  through  a  low  pass  filter,  C-411 , 
L-403»  C-412,  with  high  cutoff  of  10  cycles  per  second.  The  seismic 
information  is  amplified  by  V-402B  and  then  sent  to  a  Sanborn  D.C. 
amplifier  and  pen  recorder.  The  1  kc  I.F.  frequency  is  recorded  on 
magnetic  tape  for  later  processings 
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. 


' 


-12 


Q*  SUMMARY  AND  CONCLUSION 

Excellent  results  from  past  seismograph  drops  indicate  the  great 
usefulness  for  the  telemetering  ocean  bottom  seismograph,  especially 
in  the  following  areas s 

1*  Significantly  longer  refraction  profiles  are  made  possible 
because  of:  lower  ambient  noise  level  at  the  ocean  floor  compared 
with  a  hydrophone  at  the  surface;  removal  of  at  least  one  water  path; 
and  the  removal  of  the  coupling  loss  through  the  last  interface* 

2.  The  resolution  of  refraction  profiles  would  be  increased  to 
facilitate  the  study  of  thin  sedimentary  layers  because  the  surface- 
to  bottom  and  bottom-to-surface  paths  are  eliminated* 

3*  The  earthquake  recorded  by  the  MK-2  unit  indicates  that 
telemetering  bottom  seismographs  may  have  better  signal-to-noise  ratio 
in  certain  period  ranges  than  average  land  base  stations  (Ewing  and 
Ewing,  1961)* 

4*  The  placing  of  existing  seismograph  stations  has  been 
limited  to  land  base  stations.  With  the  ocean  bottom  telemetering 
seismograph,  it  is  possible  to  place  stations  on  the  ocean  floor. 

This  would  improve  the  distribution  and  allow  placing  of  stations 
at  points  of  particular  interest* 

5*  The  telemetering  bottom  seismograph  has  provided  data  on 
ocean  bottom  microseism  level  which,  before  this  program,  had  been 


unobtainable* 
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Future  models  for  earthquake  studies  should  have  a  three- 
component  seismometer  system,  two  horizontal,  one  vertical,  with  a 
frequency  response  to  periods  of  15  seconds.  This  system  could 
include  a  notch  filter  centered  at  6  seconds  period  which  would 
compensate  for  the  shape  of  the  microseisra  noise  spectrum  (Bruno 
and  Oliyer,  1959)* 

The  equipment  should  have  the  capability  of  discerning  a 
millimicron  of  ground  motion  in  the  1-sec  to  15-sec  period  range. 

A  fourth  short  period  vertical  seismometer  with  a  frequency  range 
from  1  to  10  cps  and  minimum  discernible  ground  motion  of  .1  mil¬ 
limicrons  should  also  be  incorporated. 

A  free  fall  device  has  succeeded  once;  however,  in  the  present 
state  of  the  art,  it  would  be  preferable  to  lower  the  unit  to  the 
bottom,  check  for  proper  operation,  and  then  free  the  seismogxsph 
using  a  core  trip  mechanism.  The  complete  system  cannot  be  tested 
just  before  lowering  because  the  accelerations  aboard  ship  are 
sufficient  to  cause  the  preamplifier  to  overload  even  if  the  seis¬ 
mometer  is  clamped. 

The  systems  which  appear  most  promising  are  the  following: 

A  free  fall  device  which  would  hit  the  bottom,  driving  the  seismometer 

V 

into  the  ocean  floor  ten  to  twenty  feet.  The  unit  should  have  a  long 

e 

term  battery  supply  such  as  an  atomic-thermocouple  generator  or  a 
fuel  cell.  It  should  have  a  memory  unit  which  would  store  information 


for  at  least  a  month  and  telemeter  it  to  the  surface  on  command  at  an 


■ 
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accelerated  rate.  Taking  into  account  power  requirements  and 
physical  size  for  the  memory  unit  and  peripheral  equipment,  the 
most  applicable  device  to  date  is  a  tape  recorder  with  information 
stored  in  a  digital  code* 

A  ship  would  go  out  to  the  area  once  a  month,  command  the  bottom 
unit  to  send  the  stored  data  to  the  surface  via  the  acoustical  tele¬ 
metering  link,  make  a  tape  recording  of  the  received  signal,  decode 
the  signal  and  make  a  seismogram.  This  method  has  the  major  disad¬ 
vantage  of  delaying  the  interpretation  of  the  data. 

Another  method  would  be  to  place  a  unit  well  out  from  shore  on 
an  underwater  csble.  This  would  have  the  advantage  of  obtaining  the 
record  immediately  and  may  solve  the  battery  problem  by  using  the 
same  cable  to  supply  the  power.  The  cable  system  offers  much  greater 
simplicity  because  the  data  would  not  have  to  be  stored  at  the  unit. 

The  disadvantages  of  this  system  include  the  cost  of  obtaining  and 
laying  the  cable  which  would  limit  the  distance  from  the  shore  station 
to  the  drop  site. 

It  may  be  desirable  to  develop  not  only  a  large  long-term 
system  for  earthquake  and  microseism  studies  but  also  to  develop  a 
simple  expendable  model  for  seismic  refraction  and  reflection  shooting. 

* 
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